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A p e r f o r m a n c e  a n a l y s i s  i.s p r e s e n t e d  f o r  t h e  
u p - d a t a  s y s t e m  u s e d  w i t h  t h e  A p o l l o  s p a c e c r a f t .  M e a s u r e s  
o f  pe r fo rmance  a re  t h e  p r o b a b i l i t y  o f  message r e j e c t i o n  
a n d  of u n d e t e c t e d  e r r o r  on  t h e  MSFN t o  s p a c e c r a f t  l i n k  and  
t h e  p r o b a b i l i t y  o f  no v e r i f i c a t i o n  on  t h e  s p a c e c r a f t  t o  
MSFN t e l e m e t r y  l i n k .  S p e c i f i c a l l y ,  t h e s e  m e a s u r e s  a re  
a n a l y z e d  a t  e a c h  end  of a n  RF c h a n n e l  f u r n i s h e d  by  t h e  
A p o l l o  U n i f i e d  S-Band Sys tem.  T h i s  a n a l y s i s  i n c l u d e s  t h e  
p e r f o r m a n c e  t h a t  i s  e x p e c t e d  if t h e  f i v e  f o r  one  s u b - b i t  
c o d i n g  were removed on t h e  u p - l i n k  a s  w e l l  as r e m o v a l  o f  t h e  
c o d e ,  c o d e  complement ,  and  code f e a t u r e  u s e d  i n  u p d a t l n g  
t h e  s p a c e c r a f t  c o m p u t e r s .  

The a n a l y s i s  shows t h a t  t h e  f o r m a t s  u s e d  i n  t h e  
p r e s e n t  s y s t e m  p r o v i d e  t h e  r e q u i r e d  pe r fo rmance l  as  
d e l i n e a t e d  i n  t h e  A p o l l o  Program S p e c i f i c a t i o n .  Namely, t h a t  
no  more t h a n  one message i n  one  t h o u s a n d  w i l l  b e  r e j e c t e d  a n d  
a c c e p t a n c e  o f  a f a l s e  messape s h a l l  be l e s s  t h a v  1 0 - 9 .  The 
a n a l y s i s  a l s o  shows t h a t  comple t e  e l l m i n a t i o n  o f  t h e  s u b - b i t  
c o d i n g  d e g r a d e s  t h e  e r r o r  p r o t e c t i o n  c a p a b i l i t i e s  o f  t h e  
s y s t e m ,  p a r t i c u l a r l y  i n  i t s  a b i l i t y  to r e j e c t  n o i s e .  The 
c o d e ,  code  complement ,  and  code f e a t u r e  u s e d  i n  t h e  compute r  
u p d a t e  f o r m a t s  a p p e a r s  a l i k e l y  c a n d i d a t e  for d e l e t i o n  i f  i t  
i s  d e s i r e d  t o  i n c r e a s e  t h e  d a t a  t r a n s m i s s i o n  r a t e .  It s h o u l d  
b e  n o t e d ,  however ,  t h a t  t h i s  f e a t u r e  i s  t h e  o n l y  p r o t e c t i o n  
f o r  t h e  s e r i a l  t r a n s f e r  o f  d a t a  be tween t h e  u p - d a t a  l i n k  
equ ipmen t  and t h e  s p a c e c r a f t  compute r .  
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INTRODUCTION 

The U n i f i e d  5-Rand c o m m u n i c a t i o n s  s ~ ~ s t e r n  t h a t  s e r v e s  
b e t w e e n  A p o l l o  Space  V e h i c l e s  a n d  t h e  Nanned "ace F l i q h t  
Network (MSFN) p r o v i d e s  t h e  RF c h a n n e l  t h a t  i n c l u d e s  t h e  
c a p a o i l i t y  t o  t r a n s m i t  d i g i t a l  d a t a  be tween  an e a r t h  based  
s t a t i o n  and  t h e  s p a c e  v e h i c l e .  T h i s  d a t a  c h a n n c l  Is  u s e d  
t o  t r a n s m i t  v a r i o u s  t y p e s  o f  f u n c t i o n a l  d a t a  t o  t h e  v e h i c l e  
i n c l u d i n z :  Real T i m e  Commands (RTC) which a c t u a t e  r e l a y s  
onboard t h e  v e h i c l e ;  compute r  i n p u t  d a t a  t o  t h e  :-uiciance 
c o m p u t e r s  o n b o a r d  t h e  v e h i c l e ;  t i m i n g  u p d a t e s  t o  t h e  Command 
a n d  S e r v i c e  Modu le ' s  C e n t r a l  T iming  Equipment  (CTE)  and  t e s t  
m e s s a g e s .  A more c o m p l e t e  d e s c r i p t i o n  o f  t h e  s y s t e m  
i n c l u d i n g  its o p e r a t i o n  and a n  a n a l y s i s  of  t h e  ? round  
n e t w o r k  p e r f o r m a n c e  i s  c o n t a i n e d  i n  R e f e r e n c e s  (2), (3), 
a n d  ( 4 ) .  T h i s  r e p o r t  p r o v i d e s  a n  ana l :y s i s  of  t h e  perf*o:-mance 
of  t h e  RF Up-Data Channel  w i t h  p r o b a b i l i t i e s  o f  u n d e t e c t e d  
e r r o r  and d a t a  r e j e c t i o n  a s  t h e  rneasure o f  p e r f o r n a n c e .  The 
a n a l y s i s  a l s o  i n c l u d e s  a d e t e r m i n a t i o n  o f  t h e  d a t a  .:!stems 

n o i s e  w i l l  b e  a c c e p t e d  a s  a v a l i d  : r ,essa-e .  ? n s s i h l ( : )  2 l t p ~ -  
n a t i v e  f o r m a t s  a r e  a l s o  e v a l u a t e d  t o  e n a b l e  a c o m n a r i s o n  
b e t w e e n  c u r  p r e s e n t  s y s t e m  and  one  w i t h  l e s s  r e d u n d a n c y  ( e . g .  
h i g h e r  dz t a  r a t e ) .  S i n c e  a l l .  d a t a  t r a n s m i t t e d .  t c  a v e h i c l e  
mus t  b e  v e r i f i e d  b y  t e l e m e t r y  f r o m  t h a t  v e h i c l e ,  ar, a n a l y s i s  
o f  t h e  t e lemet ry  p e r f o r m a n c e  f rom t h e  v e h i c l e  t o  e a r t h  ' I s  a l s o  
p r e s e n t e d .  

7 s  t,pl<: - , - - L - 1 - 2 l - . L .  1 .  s e n s i t i v i t y  t 2  nets?. T h i t  ? E ,  .;:h,-,t ' !_I I (-8 c/ r!. I i L I 2 L >; L 11 a 1" 

DISCUSSION 

The s p a c e  v e h i c l e s  i n  t h e  A p o l l o  profcram t h a t  have  
an u p - d a t a  c a p a b i l i t y  a re  t h e  C,qC.M, LM a n d  t h e  S--TVE?/IU.  The  
t y p e s  o f  d a t a  t h a t  a r e  t r a n s m i t t e d  t o  e a c h  a r e :  RTC's, t e s t  
m e s s a g e s ,  compute r  d a t a  ( A G C )  a n d  CTE u p d a t e s  t o  t h e  C F M ;  
c o m p u t e r  d a t a  ( L G C )  a n d  t e s t  messayes t o  the LM, and  compute r  
d a t a  (LVDC) and t e s t  messages  t o  t h e  S-IVF/IU. T l l i s  memo- 
randum s p e c i f i c a l l y  a d d r e s s e s  t h e  p e r f o r m a n c e  o f  t h e  u p - d a t a  
s y s t e m s  of  t h e  CSM and  LM s p a c e c r a f t .  S i n c e  t h e  S-IVP/IU d o e s  
n o t  r e q u i r e  u p - d a t a  t r a n s m i s s i o n s  o v e r  r e l a t i v e l y  l o n y  r a n c e s ,  
t h e  p e r f o r m a n c e  o f  t h i s  v e h i c l e ' s  u p - d a t a  system i s  a n t i c i p a t e d  
to be  s i g n i f i c a n t l y  b e t t e r  t h a n  t h a t  p r e s e n t e d  h e r e  f o r  t h e  LM 
and CSM. 
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T h i s  h a s  b e e n  d e m o n s t r a t e d ,  t o  a d e g r e e ,  on t h e  AS-501 a n d  
5 0 2   mission^'^). 
i s  p r e s e n t e d  on t h e  S-IVR/IU up-dat?.  BF s y s t e m  P e r f o r m a n c e .  

For t h i s  r e a s o n ,  no  f i r r t h e r  d i s c u s s i o n  

A l l  of  t h e s e  u p - d a t a  m e s s a g e s  a r e  s u b - b i t  e n c o d e d .  
T h a t  i s ,  e a c h  d a t a  or i n f o r m a t i o n  b i t  t r a n s p i t t e d  i s  e n c o d e d  
i n t o  f i v e  s u b - b i t s .  An i n f o r m a t i o n  "one"  js a p a r t i c u l a r  f i v e  
b i t  p a t t e r n  w h i l e  a n  i n f o r m a t i o n  " z e r o "  i s  t h e  complement  o f  
t h e  i n f o r m a t i o n  "one" code .  The f o r m a t s  o f  t h e  v a r i o u s  t y o e s  
of  u p - d a t a  messaqes a re  g i v e n  i n  T a b l e  I .  

T a b l e  I 

A p o l l o  Up-Data F o r m a t s  

??o. o f  
Veh i . c l e  Type o f  Message - No. o f  I n f o r m a t i o n  ? i t s  S u b - b i t s  

c: SM RTC 1 2  60 

T,M 

A G C  ( c o m p u t e r )  2 2  

CTE 30 
TEST 30 
T X C  ( c o m p u t e r )  3 2  

TEST 2 2  110 

C o r r e c t .  r p c p i p t ,  o f  t , i - i ~ s ~  i i p - d s t a  m P s s a c - e c -  i s 
v e r i f i e d  on t h e  g round  vi.3 t h e  s p a c e c r a f t  te lexetr ; .  Ir:haniiel. 
I n  g e n e r a l ,  RTC's a r e  v e r i f i e d  by a cornl-.and a c c e F t a n c e  p a t t e r n  
or p u l s e  ( C A P )  and  t h e  computer  words b:. a bit-b;:-b:t 
c o m p a r i s o n  o f  t h e  down-l inked words  ( t e l e : - : e t r v )  1,:rith t h o s e  
t h a t  were t r a n s m i t t e d  to t h e  v e h i c l e .  Thris  v e r i f i c a t i o n  i s  
a c c o m p l i s h e d  b y  t h e  r emote  s i t e  command computer l o c a t e d  a t  
e a c h  MSFN s t a t i o n .  S p e c i f i c a l l y ,  t h e  RTCIs are v e r i f i e d  b:! 
t h e  c o r r e c t  r e c e i p t  of a P a r t i C i i l a P  four-bit pattern c o n t a i n e d  
w i t h i n  t h e  C S M  t e l e m e t r y  f o r m a t  ( a n  e i y h t - b i t  p a t t e r n  i s  u s e d  
i n  t h e  LM 1-3 s y s t e r r s ) .  Computer words a r e  comyared bit-L.;.r- 
b i t  (down- l inked  t e l e m e t r y  w i t h  u p - l i n k e d  d a t a )  a r d  the veri- 
f i c a t i o n  c r i t e r i a  i s  t h a t  two out o f  e i y h t  c o m p a r i s o n s  rus t ;  
show c o m p l e t e  a g r e e m e n t .  

PERFORMANCE ANALYSIS - UP-LINK 

T h r e e  c r i t e r i a  a r e  u s e d  i n  t h e  e v a l u a t i o n  of'  t h e  
l i n k  be tween  t h e  e a r t h  and a n  A p o l l o  s r a c e c r a f t .  T h e s e  a r e :  
(1) p r o b a b i l i t y  of message r e j e c t i o n ;  ( 2 )  p r o b a b i l i t y  o f  a n  
u n d e t e c t e d  e r r o r ,  t h a t  i s ,  t h e  p r o b a b i l i t y  t h a t  a m e s s a s e  i s  
a c c e p t e d  as  v a l i d  when i t  was r e c e i v e d  i n  e r r o r ;  a n d  (3) the 
p r o b a b i l i t y  t h a t  n o i s e  w i l l  b e  a c c e p t e d  a s  a v a l i d  commr.nd. 
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I n  t h e  a n a l y s i s  t h a t  f o l l o w s  a s u b - b i t  e r r ’o r  p r o b a b i l i t y  o f  
i s  u s e d .  T h i s  e r r o r  r a t e  i s  somewhat a r b i t r a r y  a n d  

i n  f a c t  i s  a l i t t l e  h i g h e r  t h a n  i s  p r e d i c t e d  for ar, A p o l l o  
s p a c e c r a f t  communica t ing  v i a  a n  o m n i d i r e c t i o n z l  a n t e n n a  w i t h  
a s t a t i o n  o f  t h e  MSFN eqUiaped  w i t h  a n  85 f o o t  d iameter  
a n t e n n a .  T h i s  c o n d i t i o n  i s  c o n s i d e r e d  t h e  m i s s i o n  
c o n f i g u r a t i o n  t h a t  will p r o v i d e  t h e  p o o r e s t  p e r f o r m a n c e  by 
t h e  u p - d a t a  c h a n n e l .  

PROBABILITY OF MESSAGE REJECTION 

To a c c e p t  as v a l i d  a messay;e t r a n z m i t t e d  f r o x  t h e  
MSFN r e q u i r e s  t h a t  a l l  s u b - b i t s  c o n t a i n e d  w i t h i n  t h e  messaye 
f o r m a t  be  d e t e c t e d  c o r r e c t l y .  Assuming t h e  errors i n  d e t e c t i o n  
o c c u r  a t  random* t h e  p r o b a b i l i t y  o f  c o r r e c t  d e t e c t i o n  o f  a 
s u b - b i t  i s  g i v e n  b y :  

where  P i s  t h e  p r o b a b i l i t y  o f  c o r r e c t  d e t e c t i o n  ( a c c e p t a n c e )  
a n d  Pe ? s  t h e  p r o b a b i l i t y  of  s u b - b i t  error - azsuwed hei-e t o  
be  

The p r o b a b i l i t y  of a c c e p t i n g ;  n s u c c e s s i v e  s u b - b i t s  
c o r r e c t l y  i s  t .hen  t h e  p roduc t .  of t h e  i~ndivi dual ? ? o h a b i l i t i e s  
or 

The  p r o b a b i l i t y  o f  messaqe  r e j e c t i o n  i s  t h e n  
s i m p l y  

Pr-rr  = 1 - [I - FJn (3) 
It c a n  be r e a d i l y  d e t e r m i n e d  t h a t  t h i s  c < ~ l c u l a t i o n  

c a n n o t  b e  e a s y  ly a c c o m p l i s h e d  u s i n g  l o r a r i t h m c  (as i s  usuall;: 
d o n e )  b e c a u s e  o f  t h e  l a rge  v a l u e s  o f  n .  It  can,  ho:..ever, be 
e a s i l y  computed u s i n g  t h e  s e r i e s  

* The n o i s e  i n  t h e  c h a n n e l  i s  assumed G a u s s i a n .  
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n ( n - l  ) 10 
2 = 1 - r 1  - t r - m  P 

UsinP; t h e  message  l e n g t h s  i n  s u b - b i t s ,  o;ivc>n i n  

T a b l e  I ,  and  a s s u m i n g  a s u b - b i t  e r r o r  ! ) r o b a b i l i t y ,  t h e  
p r o b a b i l i t y  of message  r e j e c t i o n  c a n  be  c a l c u l a t e d  us i r ip  
e q u a t i o n  (4). T h e s e  h a v e  been  c a l c u l a t e d  and  are t a b u l a t e d  
i n  T a b l e  11. 

Table  I T  

? r o b a b i l i t v  o f  TJn-Data Message R e i c e t i o n  

(4) 

_ _  l ' r o b a b i  l i t y  
V e h i c l e  Message Type S u b - b i t  Word Len- th  o f  7e.j e c t i o n  

c SM RTC G O  6x10-5 
AGC ( compute r  > 110 

CTE 150 
TEST 150 

LM L G C  ( c o m p u t e r )  1 1 0  

The A p o l l o  P r o y r a m  S p e c i f i ~ c a t i o n  reauj . r . es  t h a t  no  
more t h a n  one  message  o u t  o f  1,OOG c o r r e c t  Tessace?, b e  
r e j e c t e d  by  t h e  s p a c e  v e h i c l e .  rrc;!!! above li ciii-! I>,-. sc:;rL 
~ , ~ , ~ b  all L - - - - -  - P  m - - - -  " A m  n q ; ,  b y p c a  V I  l , ,=aau[.Lo b W L 1  be  r P c P i ~ " r e c !  !:r!th 2 r s , i i . c t i Q n  
r a t e  t h a t  i s  an  o r d e r  o f  magn i tude  b e t t e r  t l r m  that 1 - e c u i r e d .  
I t  s h o u l d  also b e  obvious t h a t  t h e  1 - e j e c t i c n  i>z te  ["cts e v e n  
smaller  i f  s u b - b i t  c o d i n s  i s  n o t  u s e d  (!.e., t h e  v a l u e  o f  
n i n  e q u a t i o n  ( 4 )  u sed  for t h e  above  c a l c u l ? t j o n s  is r e d u c e d  

- 
L 1 -  ^ L  

b y  5 ) .  

PROBABILITY OF AN UNDETECTED ERi-IOR 

The s p a c e c r a f t  d e c o d i n g  e q u i p n e n t  c2.n becriilze a 
message  i s  r e c e i v e d  i n  error, d e c i d e  t h a t  a v a l i d  messa;-e 
h a s  b e e n  d e t e c t e d  when i n  f a c t  i t  h a s  R o t .  Two ~:echz ;c~lsms 
e x i s t  t h a t  c a n  c r e a t e  t h i s  u n d e t e c t e d  e r r o y  phenomenon. These '  
a re :  (1) s u c c e s s i v e  s u b - b i t s  c a n  b e  r e c e i v e d  i n  crroi-  sc) t h z t  
t h e  d e c o d e r  d e c i d e s  a n  i n f o r m a t i o n  ' 'one" has  b e e n  r 'pceived 
when a " z e r o "  was t r a n s m i t t e d  o r  c o n v e r s e l y ,  and  ( 2 )  ric;i.se 
from t h e  FPI s u b c a r r i e r  d i s c r i m i n a t o r  which d r i v e s  t h e  commariln 
d e c o d e r  c a n  look l i k e  a s u c c e s s i v e  s t r ink;  of  v a l i d  s u b - b i t s .  
To d e t e r m i n e  t h e  p r o b a b i l i t y  of  u n d e t e c t e d  e r r o r  t h e  f o r r a t s  
of t h e  d i f f e r e n t  t y p e s  of  u p - d a t a  m e s s a g e s  have  t o  be i n v e s -  
t i g a t e d .  F o r  example ,  e a c h  message  u s e s  t h e  f i r s t  t h r e e  
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i n f o r m a t i o n  b i t s  (15 s u b - b i t s )  as  a v e h i c l e  a(1dress and 
t h e  n e x t  t h r e e  i n f o r m a t i o n  b i t s  as a s y 3 t e m  address .  The 
s y s t e m  a d d r e s s  i d e n t i f i e s  the t y p e  of' mcs::nr-c ( o r  to i d h a t  
v e h i c l e  s y s t e m  t h e  word i s  a d d r e s s e d ) .  It. s h o u l d  be 
o b v i o u s  from t h i s , t h a t  even  i f  f i v e  s u c c c  ive  s u h - b i t s  a r e  
d e t e c t e d  i n  e r r o r  , t h e  message w i l l  s t i l l  d e t e c t e d  i n  
e r r o r  if t h e  f i v e  e r r o r s  o c c u r  i n  t h e  vehicle or' s y s t e m s  
a d d r e s s  p o r t i o n  o f  t h e  word.* T h e  infor i r , ; , . t i~on bits f o l l o w i n g  
t h e  v e h i c l e  and  s y s t e m  a d d r e s s  c o n t a i n  t!:c i r . s i r u c t i o n  
i n f o r m a t i o n .  Fo r  FITC's and  CTE u p e a t e s  ( C Y X )  t h e  6 and 24 
b i t s  d e f i n e  a s p e c i f i c  i n s t r u c t i o n .  Foii comK-uter i n p u t s ,  
t h e  i n s t r u c t i o n  or i n n u t  d a t a  i s  f u r t h e r  coded so t h a t  a 
keycode  ( 5  i n f o r m a t i o n  b i t . s ) ,  i t s  compli--:.!:ient ;211(-1 t h e  cdigi t .21 
keycode  are  c o n t a i n e d  w i t h i n  t h e  i n s t r u c t i o n  f i e l d .  7 r o n  
t h i s  i t  f o l l o w s  t h a t  f i v e  s u c c e s s i v e  s u b - h i t  c ic! tect ion 
e r r o r s  i n  t h e  i n f o r m a t i o n  o r  i n s t r u c t i o n  fielc: of  a RTC o r  
CTE (CSM) w i l l  c a u s e  a n  e r r o r  t h a t  w i l l  29 u n ( i e t e c t ? d .  
However,  i-? a c o n p u t e r  u p d a t e ,  s i n c e  a KhK (K i s  a keycode  
or 5 i n f o r m a t i o n  b i t s )  n a t t e r n  i s  u s e d ,  15  s u c c e s s i v e  s u b -  
b i t  e r r o r s  must  o c c u r  and  t h e y  may r e p r e s e n t ,  m y  o n e  of' 
3 2 ( 2  ) p o s s i b l e  p a t t e r n s .  To coinnute t h e  p r o b : ~ b i l ? t , ~  rJi' an  
u n d e t e c t e d  e r r o r  (or t h e  p r o b a S i l i t y  of  a c c e I i t a n c e  when tile 
message  h a s  been  r e c e i v e d  i n  e r r o r ) ,  a d e t e r m i n a t i o n  I s  
r e q u i r e d  o f  t h e  d e t e c t e d  messaqe w i t h  t h e  minrimum number o f  
e r r o r s  t h a t  w i l l  c 8 u s e  the r-:essaFe to a!:!' v ? l i d .  It, 
r e m a i n s  t h e n  t o  mu1tipl:y t h e  p r o b a b i l i t i e s  rf . ; u b - b t t  i ~ r ~ r  , 
a c c e p t a n c e  and  t h e  number o f  p o s s i b l e  p a t t e r n s ,  t ,o  o b t a i r l  
t h e  p r o b a b i l i t y  o f  a n  u n d e t e c t e d  error. Fi summar:r ot t h e  
c r i t e r i a  u s e d  i n  d e t e r m i n i n c  t h i s  Farameter f o l l o ~ r s  

5 

CTE - ( C S M )  - F i v e  s u c c e s s i v e  s u b - b i t s  r-11:t kjc d e t c c t p d  
i n  e r r o r  i n  one of t h e  24 messape bits. 

*An e r r o r  i n  t h e  s y s t e n s  address  c a n n o t  r o u t e  a n  e r r c n e o u s  
message t o  a n o t h e r  s y s t e m  b e c a u s e  e a c h  s ; T s t e m  us6 s a d i f f e r e n t  
word l e n g t h  (e .g . ,CSM: RTC's - 1 2  b i t s :  AGC .- 3 2  k i t s ;  
CTE - 30 b i t s ;  LM: LGC - 2 2  b i t s ;  and S-IVR/IU - a l l  c o r m a n c ' ~  
30 t o  t h e  Launch V e h i c l e  DiLTital C o m p u t e r ) .  
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Computer  I n n u t  - (AGC for t h e  CSP‘I a r ~ r l  LGC f’<)r> t h e  T Y )  - 
1 5  s u c c e s s i v e  s u b - b i t s  must  b e  i r i  f’i’ro;?, f i r J c  P ’ I C ~ I  i n  
t h e  K ,  and  K p o r t i o n s  o f  t h e  n ~ ~ : ; c a g e  or’ i n f c r ’ r ~ n t i o n  
f i e l d .  Any one of t h e  f i v e  bi t : :  i n  K and  t h e  c o y r e -  
spondinp.  p o s i t i o n  i n  t h e  f o l l o w i n I -  a n d  I-; portions of‘ 
t h e  messare c a ~  b e  i n  e r r o r .  

- 

The p i - o b a b i l i t y  o f  a n  undetccti :r i  ,rrw- c a n  
e x p r e s s e d  a s :  

where  F a i s  t h e  probability o f  a c c P F t a n c e  cf ;I ;rt ~ ~ 2 - r  t,:r,s t 
was d e t e c t <  x w i t h  error. 

C i s  t h e  number of  p o s s i b l e  messam’ hit? i n  ~ f i ~  1 1  n 
e r r o r  c a n  be made and  s t i l l  h a v e  t h e  t c t 2 i  - > , - - <  . -e 
a p p e a r  v a l i d .  

K i s  t h e  minimum number o f  s u c c e s s i v e  sub-b7’.ts t h a t  c a n  
b e  d e t e c t e d  i n  error a n d  s t i l l  have  t h e  t o t a l  message 
a p p e a r  v a l i d ,  an4  

T a b l e  TTI 

P r o  b a b  i 1 i t y o f IJ n de t e c t e c i  ‘21- r or 

- c - I.; P V e h i c l e  Type of  Message n - 
9 

- ._ 

5 6 -,r 1 y ? 9 CSP FTC 60 6 

LM 

The Apollo Propram ‘r e c i f i c a t i o n  r t vu i  Y ~ T -  ! c 

more t h a n  one message  i n  lo9 be a c c e p t e d  as v a l i d  -:’?tn ‘ I ,  
fact t h e  messape was r e c e i v e d  i n  e r r o r .  ‘“able 17T ; n c ? i ; ? t e s  
t h a t  t h e  p r e s e n t  s y s t e m  e?.si ly p e c t a  t h i s  c r i t c r i r 1 1  ~ 1 1 - n  the 
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s p a c e  v e h i c l e  i s  r e c e i v i n g  data  f rom t h e  g r o u n d .  E q u a t i o n  
( 5 )  shows t h a t  t h i s  s e c u r i t y  i s  p r o v i d e d  p r i m a r i l y  by t h e  
s u b - b i t  e n c o d i n g .  F l i r r L n a t i o n  o f  t h e  s u b - b i t  e n c o d i n g  
r e d u c e s  t h e  v a l u e s  f o r  n and K b y  a f a c t o r  of f i v e .  T h i s  
e s s e n t i a l l y  r e d u c e s  t h e  e x p o n e n t s  o f  t h e  P2 v a l u e s  by a 
s imi l a r  f a c t o r .  C l e a r l y  t h e n ,  t h e  c r i t e r i 6 n  o f  a c c e p t i n g  
n o  more t h a n  one  i n c o r r e c t  message  o u t  o f  lo9 i s  n o t  s a t i s f i e d  
if t h e  p r e s e n t  s u b - b i t  c o d i n g  were t o  b e  removed.  ( A  l e s s e r  
d e g r e e  o f  s u b - b i t  c o d i n g  would however  p r o v i d e  t h e  n e c e s s a r y  
p r o t e c t i o n ;  f o r  example ,  t h r e e  s u b - b i t s  p e r  i n f o r m a t i o n  b i t  
would s u f f i c e ) .  

I n  t h e  same c a t e g o r y  o f  a c c e p t i n a ;  a message a s  v a l i d  
that was d e t e c t e d  i n  e r r o r  i s  t h e  s y s t e m ' s  s u s c e p t i b i l i t y  t c  
n o i s e .  The n o i s e  a t  t h e  i n p u t  t o  t h e  u p - d a t a  rta,uinment vhen  
n o  s i g n a l  i s  p r e s e n t  i s  assumed t o  b e  G a u s s i a n  and  t h e  
p r o b a b i l i t y  o f  d e t e c t i n g  n o i s e  as a s u b - b i t  one  i s  e q u a l l y  
l i k e l y  as  d e t e c t i o n  o f  a z e r o .  I n  t h e  d i s c u s s i o n  t h a t  f o l l o w s  
i t  i s  assumed t h a t  no o t h e r  mechanism i n  t h e  s p a c e c r a f t  u p - d a t a  
equ ipmen t  i s  p r o v i d e d  t o  r e j e c t  n o i s e  ( e . g .  r e c e i v e r  s q u e l c h ,  
t i m i n g  c i r c u i t s , e t c . )  s o  t h a t  t h e  r e s u l t s  o f  t h e  a n a l y s i s  
be low r e p r e s e n t  a l o w e r  bound on  n o i s e  r e , j e c t i o n  p e r f o r m a n c e .  
The p r o b a b i l i t y  o f  d e t e c t i n y  n o i s e  a s  a v a l i d  message  i s  p i v e n  
by 

where C i s  t h e  number o f  v a l i d  c o a b i n a t i o n s  or p a t t e r n s .  
commands or messages r e q u i r e  t h a t  a s p e c i f i c  v e h i c l e  

2nd S J j s t e m  ~ ~ j ~ ~ e s s  ~ ~ ~ ~ ~ ~ ~ . i ~ ~  (1.e.  le I 1   st n .  36 suS-biC3 
m u s t .  cnnfcrm t . ~  =, sIr?gle s p e c i f i c  c9de  x c r d ) .  T h o  L . . L  T T ~ C . V T ) T * T \  

f i e l d ,  t h e n ,  d e t e r m i n e s  t h e  number o f  n o s s i b l e  a c c e p t a b l e  
message  p a t t e r n s .  
v a l i d  u p - d a t a  messages a r e :  2 

a n d ,  2 f o r  A G C  u p d a t e s .  T h i s  number o f  v a l i d  words a r e  
t a k e n  here  as t h e  t o t a l  number of c o m b i n a t i o n s  p o s s i b l e  i n  
t h e  message  f i e l d  o f  t h e  up-da ta  word; i n  r e a l i t y  i t  i s  
s o m e t h i n g  l e s s  b e c a u s e  n o t  a l l  c o m b i n a t i o n s  a r e  u s e d .  For 
example ,  t h e r e  i s  a c a p a b i l i t y  for 6 4  r e l a y  a c t u a t i o n s  b;,7 
a n  R T C ,  b u t  n o t  a l l  64 a r e  u s e d .  F e c a u s e  o f  t h i s ,  t h e  
p r o b a b i l i t i e s  g i v e n  i n  T a b l e  I V  o f  a c c e p t i n g  n o i s e  a s  a 
v a l i d  command a re  c o n s e r v a t i v e .  

I n  t h e  CSM6system t h e  number o f  p o s s i b l e  
f o r  RTC's; 224 f o r  CTE u p d a t e s ;  

5 
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Table  I V  

P r o b a b i l i t y  of  A c c e p t i n g  N o i s e  as a V a l i d  Up-Data Message 

Type o f  
V e h i c l e  Message 

Number o f  S u b - b i t  
V a l i d  Messages Word L e n g t h  P a-n = C ( 1 / 2 ) n  

( C >  ( n  1 
C SM RTC 26 60 1 . 5 . 6 ~ 1 0  -17 

K y ,  n-32  

L PI A G C  ( c o m p l e x )  25 1 1 0  %2.5X10 -32 

AGC ( c o m p l e x )  ? 5  110 022. , A ” ”  

CTE 224 150 %1. 2x10-3r: 

The i m p a c t  on p r e d i c t e d  p e r f o r m a n c e  i f  t h e  f i v e  fol .  
o n e  s u b - b i t  e n c o d i n g  i s  removed c a n  be  d e t e r m i n e d  by r e d u c i n g  
n by f i v e .  T h i s  i n c r e a s e s  t h e  P shown i n  T a b l e  I V  t o  t h e  v a l u e s  g i v e n  i n  T a b l e  V .  a-n 

T a b l e  V 

P r o b a b i l i t y  of A c c e p t i n g  N o i s e  as a Vali-d Messaqe 
No S u b - b i t  E n c o d i n a  

Number o f  

6 
V e h i c l e  Type o f  Message V a l i d  Messages  \lord L e n g t h  P =I -n 

“-1.5xlc-2 

%l. 6 x l o - 2  

12 CSPl RTC 2 

A G C  25 22 %7. 6X10-6 

LM %7.6~10-~ 

o f  t h e  u p - d a t a  s y s t e m  to n o i s e  i n c r e a s e s  r a p i d l y  when s u b - b i t  
c o d i n g  i s  r e d u c e d  ( a p p r o x i m a t e l y  3 . 5  o r d e r s  o f  m a g n i t u d e  p e r  
s u b - b i t  r e d u c t i o n ) ,  Complete e l i m i n a t i o n  o f  s u b - b i t  e n c o d i n g  
(da t a  r a t e  i n c r e a s e  of f i v e )  i n c r e a s e s  t h e  s u s c e p t i b i l i t y  to 
n o i s e  to a n  i n t o l e r a b l e  l e v e l .  

30 CTE 2 2 4  

The da ta  i n  T a b l e s  I V  and  V show t h a t  t h e  s e n s i t i v l t y  

The u p - d a t a  messages  addres sed  to t h e  s p a c e c r a f t  
c o m p u t e r ,  as n o t e d  b e f o r e ,  c o n t a i n  a t h r e e  to o n e  r e d u n d a n c y ,  
which  p r o v i d e s  a d d i t i o n a l  e r r o r  p o r t e c t i o n .  
i s  what i s  t h e  p e r f o r m a n c e  i f  t h i . s  r e d u n d a n c y  i s  removed? 
B e f o r e  p r o v j - d i n g  a n  a n s w e r  to t h i s  a u e s t i o n  i t  i s  wel l  to n o t e  
t h a t  t h i s  KRK a r r a n g e m e n t  not o n l y  p r o v i d e s  some p r o t e c t i o n  
on  t h e  MSFN t o  s p a c e c r a f t  l i n k  b u t  i s  p r i m a r i l y  to p r o t e c t  
t h e  s e r i a l  da t a  t r a n s f e r  be tween t h e  u p - d a t a  e q u i p r r e n t  aqd  
t h e  s p a c e c r a f t  c o m p u t e r .  If t h i s  f e a t u r e  were e l i m i n a t e d ,  

A n a t u r a l  q u e s t i o n  
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s e v e r a l  a l t e r n a t i v e  f o r m a t s  would be a v a i l a b l e .  The most  
l i k e l y  i s  to r e p l a c e  K R K  w i t h  t h ree  d i f f e r e n t  and  d i s t i n c t  
key  c o d e s ;  f o r  example ,  K l K 2 K 3 .  A n o t h e r  scheme m i g h t  b e  
t o  t r a n s m i t  one  c o m p l e t e  compute r  word (15 i n f o r m a t i o n  b i t s )  
i n  e a c h  u p - d a t a  m e s s a g e .  S i n c e  p e r f o r m a n c e  has a l r e a d y  b e e n  
d e t e r m i n e d  f o r  t h e  p r e s e n t  s y s t e m  f o r m a t s  w i t h  and  w i t h o u t  
s u b - b i t  e n c o d i n g ,  i t  r e m a i n s  to d e t e r m i n e  t h e  e x p e c t e d  p e r -  
f o r m a n c e  w i t h o u t  t h e  KRK c o d i n g  w i t h  a n d  w i t h o u t  i n f o r m a t i o n  
b i t  s u b - b i t  e n c o d i n g .  

PERFORMANCE OF UP-DATA TO COMPUTER WITHOUT KRK CODING 

For u p - d a t a  messages  to t h e  c o m p u t e r ,  w i t h o u t  t h e  
KRK f e a t u r e  t h e  p r o b a b i l i t y  o f  messa5e r e j e c t i o n  i s  t h e  same 
as w i t h  the  KRK c o d i n g .  T h i s  c a n  be  e x p l a i n e d  by n o t i n g  t h a t  
a m e s s a g e ,  f o r  a c c e p t a n c e ,  s t i l l  r e q u i r e s  t h e  s u c c e s s f u l  
d e t e c t i o n  o f  110 s u c c e s s i v e  s u b - b i t s .  Also ,  t h e  e l i m i n a t i o n  
of s u b - b i t  e n c o d i n g  r e d u c e s  t h e  p r o b a b l i i t y  o f  r e j e c t i o n  
b e c a u s e  o n l y  22  s u c c e s s i v e  b i t s  n e e d  to be  r e c e i v e d  and  
d e t e c t e d  w i t h o u t  e r r o r .  The p r o b a b i l i t y  o f  an u n d e t e c t e d  e r r o r  
w i t h o u t  t h e  KRK c o d i n g  i s  s i g n i f i c a n t l y  i n c r e a s e d ,  b u t  i s  s t i l l  
a v e r y  small q u a n t i t y .  R e f e r r i n g  to e q u a t i o n  ( 5 1 ,  w i t h o u t  t h e  
K R K ,  u s i n g  i n s t e a d  K l K 2 K 3 .  t h e  v a l u e  o f  t h e  k i s  r e d u c e d  f rom 
15 t o  5 and  C i s  i n c r e a s e d  f rom 5 to 15.  T h i s  i n c r e a s e s  t h e  
p r o b a b j i i t y  of u n d e t e c t e d  e r r o r  f rom 5X10-'' t o  a p p r o x i m a . t e l y  
15x10-  . F u r t h e r  e l i m i n a t i n g  t h e  s u b - b i t  e n c o d i n g  r e d u c e s  
K t o  1 and  n t o  22  so t h a t  P a  becomes 15X10-6. C o n s i d e r  now 
t h e  s y s t e m s  T e n s i t i v i t y  t o  n o i s e  i f  t h e  KKK f e a t u r e  i s  removed;  
i n s t e a d  of 2 p o  s i b l e  messapes  i n  a v a l i d  comnute r  message, 
t h e r e  are  now 2" ( C !  i n  e q u a t i o n  ( 6 ) ) .  
a b i l i t y  o f  n o i s e  a c c e p t a n c e  from ~2.5X10- t o  ~ 2 .  5X10-2'. 
F u r t h e r ,  i f  t h e  s u b - b i t  c o d i n g  i s  removed as w e l l  as t h e  KRK 
c o d e  n i n  e q u a t i o n  ( 6 )  i s  r s d u c e d  from 110 to 2 2  and  Pa-n i s  
f u r t h e r  i n c r e a s e d  t o  %8x10- . T h i s  l a t t e r  v a l u e  is p r o b a b l y  
u n a c c e p t a b l e .  A c o m p o s i t e  o f  T a b l e s  I ,  11, 111, IV and V 
i n c l u d i n g  t h e  a n t i c i p a t e d  p e r f o r m a n c e  w i t h o u t  t h e  Y R K  c o d i n g  
i s  p r e s e n t e d  i n  Table VI. 

5 

Th33  r z i s p s  the prob-  

It i s  i n s t r u c t i v e  at t h i s  p o i n t  to d e t e r m i n e  how 
much improvement  i n  i n f o r m a t i o n  r a t e  c a n  be a c h i e v e d  i f  some 
o f  t h e  r edundancy  i s  removed. From t h e  f o r e g o i n g  d i s c - z s s i o n  
a n d  t h e  summary data  p r e s e n t e d  i n  T a b l e  V I ,  i t  c a n  b e  shown 
t h a t  t h e  p e r f o r m a n c e  c r i t e r i a  c a n  be  s a t i s f i e d ,  i f  t h e  s u b - b i t  
c o d i n g  i s  r e d u c e d  f rom f i v e  to t h r e e  and  t h e  XEK f o r m a t  f o r  
c o m p u t e r  data  i s  e l i m i n a t e d  ( c h a n g e d  to K 1 K 2 K 3 )  and r e p l a c e d  
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w i t h  a s i m p l e  p a r i t y  c h e c k .  The s u b - b i t  chan:Te i n c r e a s e s  
t h e  t r a n s f e r  r a t e  from 200  b i t s  p e r  s e c o n d  t o  333 .3  b i t s  
p e r  s e c o n d ;  t h e  KKK c h a n g e  a l l o w s  i n p u t  to t h e  s p a c e c r a f t  
c o m p u t e r  a t  t h r e e  times t h e  p r e s e n t  r a t e .  T h i s  would a l l o w  
a r a t e  i n c r e a s e  i n t o  t h e  u p - d a t a  l i n k  e q u i p m e n t  o f  f i v e  t o  
one  , b u t  b e c a u s e  o f  o n b o a r d  da t a  p r o c e s s i n a ,  would a l l o w  o n l y  
a b o u t  a f o u r  t o  one  improvement  i n  t r a n s f e r  r a t e .  (At p r e s e n t  
3 k e y  c o d e s  a r e  t r a n s m i t t e d  t o  t h e  s p a c e c r a f t  i n  480 m .  s e e . )  
T h i s  i s  made up o f  t h r e e  messages t r a n s m i s s i o n s  a t  1 1 0  m. s e e .  
e a c h  a n d  50  m .  s e c .  o f  D r o c e s s i n p  t i m e  per  messaTe. The 
scheme p r o p o s e d  h e r e  would t r a n s n i t  t h r e e  k e y  c o d e s  p e r  message 
a n d  wzuld m e  thi-ee s u b - b i t s  p e r  i n f o r m a t i o n  b i t .  One t r a n s -  
m i s s i o n  t h e n  would be 66  VI. s e e .  f o r  t r a n s m i s s i o n  v i t h  50 m .  
s e e .  o f  d a t a  p r o c e s s i n r  r e q u i r e d  f o r  a total of  116 m .  s e e .  
From R e f e r e n c e  (1) i t  c a n  b e  s e e n  t h a t  t h i s  i n n r o v e m e n t  
d i m i n i s h e s  t h e  t i m e  to s e n d  a c o m p u t e r  load by less t h a n  h a l f  
b e c a u s e  o f  t h e  v e r i f i c a t i o n  r e q u i r e d ,  p r o p a g a t i o n  delay, e t c .  
F o r  t h i s  r e a s o n  i t  would a p p e a r  t h a t  format  n o d i f i c a t i o n s  
a r e  n o t  d e s i r a b l e  a t  t h i s  t i r i e .  
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A s  n o t e d  bef 'ore,correct r e c e p t i o n  o f  a l l  d a t a  t r a n s -  
m i t t e d  to t h e  s p a c e c r a f t  i s  v e r i f i e d  b y  t h e  p round  system. 
The v e r i f i c a t i o n  i s  a c c o m p l i s h e d  b y  d e t e r m i n i n r  t h a t  a s p e c i f i c  
f o u r  ( C S M )  or e i g h t  (LM) b i t  M A P  r a t t c r r i  h a s  ~ ~ C I - L  r ' t c t i v e d  f o r  
a l l  b u t  compute r  u p d a t e s  and  b y  a b i t - b v - b f t  c o m : a r ; s c i i i  o f  t h e  
t e lemetered  u p - d a t a  compute r  words w i t h  those t h a t  : v C r e  trans- 
m i t t e d .  The c r i t e r i a  for v e r i f i c a t i o n  o f  p r o n e r  r ece i r i t ,  by  
+L,. c , l l ~  ~ p a c e c r ~ a f ' t  i s  t h e  r e c e p t i o n  of one  v a l i d  YAP or t v ?  -ood 
comparissns ~ u t  ~f c l g h t  (foi '  cvr r ipu ter  a a t a j .  ~t i s  o f  i n t e r e s t  
to d e t e r m i n e  t h e  p e r f o r m a n c e  o f  the dourn-link t c l e T e t r v  c h a n n e l  
t o  a s c e r t a i n  t h a t  i f  an  uD-data message i s  r r o r e r l : .  1 -ece ived  
by t h e  s p s c e c r a f t  t h a t  i t  can  5e p r o p e r l y  v e r i f i e d  on the 
g r o u n d .  The no rma l  o n e r a t i n z  p r e c e d u r e  reou5:7cs r e t r a n s K i s s i o n  
u n t i l  a v a l i d  v e r i f i c a t i o n  i s  o b t a i n e d .  Two spac t3c ra f t  c o n f i c -  
u r a t i o n s  a r e  e v a l u a t e d  f o r  t h i s  down- l ink  c h a i ~ n e l .  T h e s e  a r e  
xhen t h e  t e l e m e t r y  b i t  e r r o r  r a t e  i s  10-3 v h i c h  i s  h i p h e r  t h a n  
i s  e x p e c t e d  when t h e  s p a c e c r a f t  at l u n a r  r a n r e  i s  t r a n s m i t t i n ?  
v i a  i t s  o m n i d i r e c t i o n a l  a n t e n n a  and  whic17 i s  h i - h e r  t h a n  
e x p e c t e d  when o p e r a t i n g  v i a  the s p a c e c r a f t  h i T h  - a i n  F n t e n n a .  

It s h o u l d  b e  n o t e d  t h a t  t h e  LM i n  a loru hi+, r a t e  
t e l e m e t r y  mode ( 1 . 6  k b p s )  d o e s  n o t  t r a n s m i t  MAPS or c o r ? c u t ? r  
d a t a  so  t h a t  v e r i f i c a t i o n  o f  LM comnands i s  p o s s i b l c  c n l v  
t h e  h i g h  b i t  r a t e  mode. ( S i n c e  t h i s  r e q u i r e s  the h i y h  .-?in 
a n t e n n a  f o r  a d e q u a t e  Der fo rmance ,  a n  a n a l y s i s  at a t e l e y e t r y  
b i t  e r r o r  r a t e  o f  10-6 only i s  a n p l i c a b l e . )  
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To v e r i f y  a l l  u p - d a t a  m e s s a g e s  e x c e p t  comy,uter 
u p d a t e s  r e q u i r e s  r e c e p t i o n  o f  a s p e c i f i c  f o u r  o r  e i g h t  b i t  
word (MAP). ( F o u r  from t h e  CSM a n d  e i g h t  from LM 1 and 3 ;  
LP4 4 and  s u b s e n u e n t  v e h i c l e s  h a v e  no  RTC c a y a b i l i t i ‘ . )  T h e  
p r o b a b i l i t y  o f  r e c e i v i n y  x b i t s  i n  a row c 7 r r e c t l ; .  i s :  

e i t h e r  4 or 8 .  The p r o b a b i l i t y  o f  no  v e r i f i c a t i o n ,  P n-ir ’ 
i s  t h e n  ~ 8 X 1 0 - ~  f o r  a n  e i g h t  b i t  LM MAP (LF 1-3) a t  B PER 

o f  lo-’ and  .~8X10- n t  a tel2netrb7 b i t  e r r o r  r a t 0  2 -  i0 . 
For t h e  CSM, u s i n i .  2 f o u r  b i t  MAP, t h e  p r o b a b f l i t T j  cf 
n o n - v e r i f i c a t i o n  i s  % 4 X 1 0 - 3  ( t e l e m e t r y  b i t  error r .atc 

and  4X13-6 ( t e l e ~ e t r y  b i t  e r r o r  r a t e  1 0  
t r a n s n i s s i o n  t h e r e  a r e  a t  l e a s t  two MAP. t r a n s m i t t e d  b a c k  
t o  t h e  MSFN. S i n c e  o n l y  c o r r e c t  r e c e i _ ? t  o f  one  i s  r e y u i r e a  
for v e r i f i c a t i o n  t h e  c r o b a b i l i t i e s  of‘ n o n - v f r i f i c a t i o n  a f t e r  
two  MAP t r a n s m i s s i o n s  i s  y i v e n  b y  

7 5 -6 

-6 ) .  For an;; u r - d a t a  

p = 1 - [ ( P a ) 2  + 2 (P )(1 - P > I  , n-v a. a (7) 

where  P i s  t h e  p r o b a b i l i t y  o f  a c c e p t a n c e  o f  a I’4A-P 3n one  
s a m p l e . a  l J s i n p  t h e  v a l u e s  I”or  F a ,  
p r o b a b i l i t i e s  o f  no v e r i f i c a t i o n  (v.h;Lch r e q u i r e s  7 r e t r a n s -  
m i s s i o n  o f  t h e  messa;e) s f t e r  tyro t r a n s r i z s i o n s  frnv t k l P  
q n a r p c r a f t ,  become 

c a l c u l a t ? d  abcve  t h e  

CSM F i t  Error R a t e  1 0  - ?  D = 1 .6x lG-5  
n -- v 

-5 F = 6 . 4 x 1 0  n - TI LM 1-3 B i t  Z r r o r  Ra te  

The v e r i f i c a t i o n  cf coyru t? : -  u p d a t e s ,  r e q 5 i r e c  1 
good c o m p a r i s o n  b e  o b t a i n e d  i n  two o u t  o f  eiFcht tries b(>tT;,?en 
t h e  down- l inked  computer  words and t h o s e  that were trans? i t t e d  
t o  t n e  s p a c e c r a f t .  To  s i y ? i i f y  t h e  c z l c u l a t i o n  o f  thF ! ‘ r ’ob?t i l -  
i t y  o f  n o n - v e r i f i c a t i o n ,  i t  i s  a s s u v e d  he re  t h a t  a -n:n 
c o m p a r i s o n  i s  one i n  which a l l  t e l e m e t e r e d  cnnmutc r  rvord;. 
compare f a v o r a b l y  4 t h  t h o s e  t h a t  were t r a n s r r , i t t e c i .  In : ’ ne t ,  
t h e  c o m p a r i s o n  i s  made on an i n d i v i d u a l  word basfs. That i s  
e a c h  compute r  word t e l e n e t e r e d  t o  e a r t h  i s  comrarcd i n d e :  ridt-nt 
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o f  a l l  o t h e r  w o r d s .  The d a t a  p r e s e n t e d  h e r e  t h e n  i s  SOrnewhat 
p e s s i a i s t i c .  A r b i t r a r i l y ,  t h e  a n a l y s i s  f o r  t h e  p r o b a . b i l i t y  
O c  n o n - v e r i f i c a t i o n  a s sumes  a b l o c k  of  1 4  s p a c e c r a . f t  c o m p u t e r  
words o r  210 b i t s  o f  d a t a .  The p r o b a b i l i t y  o f  r e c e i v i n z  a l l  
210 c o r r e c t l y  i n  one  t r a n s m i s s i o n  i s  t h e n  s i m p l y ,  
Pa = [I - Pel2' ' ,  a n d  t h e  p r o b a b i l i t y  o f  r e j e c t i o n  b e c a u s e  
o f  a n  e r r o r  Pr = 1 - [l - P e l  2 1 0  . 
b i t  error r a t e  a n d  i s  assumed t o  be  1 0  -3* o r  1.0 
The p r o b a b i l i t y  t h a t  i n  two or more b l o c k s  o f  d a t a  a v a l i d  
c o m p a r i s o n  i s  n o t  a c h i e v e d ,  o u t  o t  e i g h t  b l o c k s  c a n  b e  shown 
t o  b e :  

Pe, h e r e  i s  t h e  t e l e m e t r y  
-6 , as b e f o r e .  

( 8 )  Pn-v= [ ( F ~ ) ~  + 8 ( p r )  7 (1 - p r ) l  

w h e r e ? , - v i s  the p r o b a b i l i t y  t h a t  two or more v a l i d  c o m p a r i s o n s  
w i l l  n o t  o c c u r  i n  e i g h t  f r a m e s  a n d  Pr i s  t h e  p r o b a b i l i t y  
of a n  i n v a l i d  c o m p a r i s o n  rin one  frame. Also o f  i n t e r e s t  i s  
t h e  p r o b a b i l i t y  o f  a c h i e v i n 4  a valiri .  comnariscn i n  t h e  f i r s t  
two frames. T h i s  I s  T i v e n  b y :  

Pr I* 
T h e  v a l u e s  f o r  Fr a r e  r e a d i l v  o b t a i n e d  f rom the 

-3 210  or 0.18 f o r  a e q u a t i o n  above  a n d  a r e  P, = 1 - rl - 10 1 
b i t  e r r o r  r a t e  o f  l o e 3  s.Ad Pr = 1 - C1 - 10-6]210 = 2.1X10 -4 

-6 for a t e l e n e t r y  b i t  error r a t e  o f  1 0  . U s i n ?  t h e s e  l ' a l u e s  
2nd a n , , q f i n m  / R \  t L n  ..-,.LnL-l:A-.. - r l  - - - L  ' 1  * - -*.- c - " u u " . L " I I  \ " ,  <,l ,L :.I1 <L,L lGLl lL  i L.;? I . ' !  I I V L  L'!!L&l!!!!!i' a 

f o r  a teler??etry b i t  e r r o r  rate o f  and  P = l . 4 X 1 0  - f o r  

a b i t  e r r o r  r a t e  of  1 0  . ? h e  y 7 ' 9 b a b i l i t : i  of' r l o n - v e r i f i c a t i o n  

c o m p a r i s o n  a t  l e a s t  twi c e  i 1-1 e i y-tl?, i:.yies b e c ~ r c e s  Ej - - illl~~-~ 
r ~7 - 2 K  

I l V  -6 
i n  t h e  f i r s t  two t r i e s  ( e i l u a t i o n  (9)) i s  YqT, = 1 - P or .328 

and b.2X10-4 f c ' r  2 10 -6 
c 

for a t e l e m e t r y  b i t  e r r o r  r a t e  o f  
b i t  e r r o r  r a t e .  The n c r m a l  mode o f  un-data e y e r a t i o n  i s  t o  
o p e r a t e  i n  a h i g h  b i t  r a t e  t e l e m e t r y  mode v i t h  a b i t  e i - * r o r  

r a t e  o f  l e s s  t h a n  Table  V I I :  summar izes  t h e  e x p e c t e d  
t e l eme t ry  nex>formance f o r  the u g - d a t a  v e r i f i c a t l  c n  F r c c e s s .  

S UMN ARY .4 ND C ON CLU S I ON S 
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From T a b l e  V I  i t  i s  a p p a r e n t  t h a t  t h e  p r e s e n t  
u p - d a t a  s y s t e m  more t h a n  s a t i s f i e s  t h e  r e q u i r e m e n t s  imposed  
by t h e  A p o l l o  Program S p e c i f i c a t i o n .  It would a p p e a r  a l s o  
t h a t  c o m p l e t e  e l i m i n a t i o n  of t h e  s u b - b i t  c o d i n g  on t n e  up- 
l i n k ,  to i n c r e a s e  t h e  i n f o r m a t i o n  d a t a  r a t e ,  i s  n o t  d e s i r a b l e  
b e c a u s e  o f  t h e  i n c r e a s e d  s u s c e p t i b i l i t y  o f  t h e  s y s t e m  t o  
n o i s e .  It d o e s  appear,  however ,  t h a t  t h e  s u b - b i t  e n c o d i n g  
c o u l d  be r e d u c e d  ( e . g . ,  3 s u b - b i t s  p e r  i n f o r m a t i o n  b i t )  
r e s u l t i n g  i n  an i n c r e a s e d  d a t a  r a t e  as w e l l  as p o t e n t i a l  
m a j o r  s p a c e c r a f t  m o d i f i c a t i o n s .  Because  o f  t h e  hardware 
i m p a c t ,  t h i s  - i s  n o t  recommended. A d d i t i o n a l l y ,  it a p p e a r s  
t ha t .  t he  KKK c o d i n g  on t h e  computer  g p 6 a t e c  cnn ld  be  
e l i m i n a t e d  w i t h o u t  s e r i o u s  d e g r a d a t i o n  o f  u p - d a t a  s y s t e m  
p e r f o r m a n c e .  T h i s  c o d i n g ,  however ,  i s  t h e  o n l y  p r o t e c t i o n  
a f f o r d e d  t h e  t r a n s f e r  of  d a t a  be tween  t h e  u p - d a t a  s y s t e m  
and  t h e  compute r .  Eecause  o f  t h i s ,  and  t h e  p o t e n t i a l  hardware 
and  s o f t w a r e  m o d i f i c a t i o n s  r e q u i r e d ,  t h i s  change  i s  n o t  
recommended. The  above  recommendat ions  assume t h a t  t h e  t i m e  
r e q u i r e d  f o r  o p e r a t i o n  of t h e  u p - d a t a  s y s t e m ,  i n c l u d i n g  
v e r i f i c a t i o n  v i a  down-l ink t e l e m e t r y ,  i s  a d e q u a t e  t o  meet 
mission o p e r a t i o n s  r e q u i r e m e n t s .  Even i f  t h e  above  s u p g e s t e d  
c h a n g e s  were implemented  t h e  t o t a l  t ime  r e q u i r e d  for o p e r a t i o n  
(e .g . ,  l o a d i n ?  t h e  s p a c e c r a f t  c o m p u t e r )  i s  n o t  s i g n i f i c a n t l y  
r e d u c e d .  

The v e r i f i c a t i o n  a c c o m p l i s h e d  on t h e  w o u n d ,  u s i n g  
da ta  te lemetered from t h e  s p a c e c r a f t  a l s o  appears  a d e q u a t e .  
V e r y  l i t t l e  a d d i t i o n a l  t i m e  w i l l  h e  a d d e d  t o  t h e  t o t a l  
o p e r a t i o n  t i m e  o f  t h e  up-da ta  system b e c a u s e  o f  l a c k  of 
7 - n  v c  r i f i c a t i o n  due t o  KJt;Ioir. t e l e !  1 e t 1 . y  per*l”u!*irtarlce. 

. _. 
R .  L. S e l d e n  

A. t t a c hze n t s 
(Tab les  I t h r o u g h  VII) 
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